Brain disease is one of the greatest threats to public health. Brain theranostics is recently taking shape, indicating the treatments of stroke, inflammatory brain disorders, psychiatric diseases, neurodevelopmental disease, and neurodegenerative disease. However, several factors, such as lack of endophenotype classification, blood-brain barrier (BBB), target determination, ignorance of biodistribution after administration, and complex intercellular communication between brain cells, make brain theranostics application difficult, especially when it comes to clinical application. So, a more thorough understanding of each aspect is needed. In this review, we focus on recent studies regarding the role of exosomes in intercellular communication of brain cells, therapeutic effect of graphene quantum dots, transcriptomics/epitranscriptomics approach for target selection, and in vitro/in vivo considerations.
inflammatory brain disorders [7, 8] . Brain theranostics should also have held great promises in the field of psychiatric diseases [9] , neurodevelopmental disease, and neurodegenerative disease with motor or memory impairments [10] [11] [12] [13] . The emerging field of brain theranostics involves concepts associated with monitoring biomarker levels in tissue and engineering probes for improved diagnosis and treatment efficacy. However, there are several factors that make brain theranostics application difficult, especially when it comes to clinical application.
First, many brain diseases are not well classified by their endophenotypes, which are recently established especially for schizophrenia [14, 15] . Though germline abnormalities are suspected to cause the diseases [16] and many somatic mutation-based causes are known to present psychopathology [16, 17] , the disease onset is late and the environmental factors' contribution to pathogenesis has not been elucidated yet even for Alzheimer's disease (AD) [18] . As yet, the classification and thus the prognostication of the brain diseases are based on symptom complexes and the diagnosis is much like a syndrome.
Second, neuropsychiatric, neurodevelopmental, and neurodegenerative diseases have relatively intact blood-brain barrier (BBB) [19] [20] [21] [22] . BBB is a unique endothelial barrier that acts as a security system, separating the circulating blood from the brain and extracellular fluid. BBB prohibits more than 90% of small-molecule drugs and nearly all of large-molecule neurotherapeutics to enter the inside of the brain, which is a great concern for the novel drug candidates [23, 24] . Although investigators have been focusing on the surrogate parameters of BBB penetration as is well-known octanol extraction used in radiopharmaceuticals evaluation to represent the permeability of novel drug candidates, it is still challenging to accurately predict and design characteristics of CNS-targeting drugs in their BBB penetration [25] . There have been three ways of approach to overcome this ambiguity of the BBB: (1) understanding the BBB in much deeper detail at the molecular level, (2) simulation of the in vitro BBB using microfluidic chips and testing new biopharmaceuticals on these chips, and, lastly, (3) ignoring the BBB problem while hoping that BBB shall be in any way disturbed in vivo in brain diseases especially in their advanced stages. The last one prevailed when the investigators try to develop new drugs using small molecules, peptides, or monoclonal antibodies [24, 26] . Using monoclonal antibodies to treat AD was an obvious example in that the %ID/g of monoclonal antibodies were reported as 0.1%, but these drugs went on to clinical trials and failed [24, 27, 28] .
The same drugs are also tested for treating mild cognitive impairment (MCI) to modify the disease course, preventing MCI conversion to AD. However, brain uptake of solanezumab or bapineuzumab will be less favorable and how much effect can be expected, with the almost-intact BBB of MCI resisting the drug penetration, is questionable.
In vitro BBB models conventionally used a relatively simple transwell system consisting of a monolayer of endothelial cells. However, recent use of 3D models, on the microfluidic chip, using a combination of pericytes and endothelial cells enabled realistic BBB models in vitro [29] [30] [31] . In silico methods are recently applicable in prediction of BBB permeability [32] . Starting with simple regression models based on a calculation of lipophilicity and polar surface area, investigators developed partial least squares-based methods to gridbased approaches to predict the BBB permeation of novel drugs. Recent advances in the artificial neural networks make these approaches gain more importance [33] . In vivo methodology to measure total brain concentration and brain/plasma ratio of novel drug candidates were used in to evaluate novel brain therapeutics. In vivo experiments provide the most reliable information for assessing brain penetration of drug candidates; however, due to the huge number of molecules produced by combinatorial chemistry, they cannot be applied as an effective screening in the early stage of drug development [34] . Thus, the combined use of in silico method, in vitro microfluidic chips, and classical in vivo models are necessary to unravel the future promises of novel drug candidates.
Third, determining the targets is also a huge obstacle in the development of the novel brain therapeutics. Small molecules or peptides and monoclonal antibodies cannot be tested easily for their efficacy in vitro since their pharmacological effects take place in such a brisk way or in an incipient way that no one can understand the biological significance of these changes in vivo. Target cells are so heterogeneous in vivo that choosing the right cells and the correct target molecules are highly warranted [35] . Previously for AD, amyloid plaques of extracellular spaces were considered to be the optimal target for vaccines or monoclonal antibodies [26, 36] , and we have many diagnostic imaging agents, which had the similar shapes of methylene blue which are intercalated with amyloid plaques [37] [38] [39] . Tau fibrillary tangle was another target; however, tau targeting therapeutics are not yet introduced as there is another barrier for therapeutic drugs, i.e., cellular membranes, as tau tangles are mostly intracellular bodies [40] [41] [42] [43] [44] [45] .
Selection of the target in the brain had been almost always against the membrane macromolecules such as receptors, transporters, and epitopes residing in the neuronal surface [46] . Brain imaging with C-11-and F-18-labeled positron emission tomography (PET) ligands targeted dopamine receptors or dopamine transporters of dopaminergic neurons and peripheral benzodiazepine receptors of microglial cells [47] [48] [49] [50] [51] . These classic imaging methods using PET or sometimes single-photon emission computed tomography (SPECT), I-123 fluoropropyl CIT for dopamine transporters [51, 52] , are now at the stage of expansion to explore more targets by the transcriptomic approaches. Single-cell transcriptomics with various RNA sequencing (RNA-seq) methods are used to underpin this approach [53] [54] [55] [56] [57] .
What we need to do is to develop the methods to explore the target by just narrowing down methods of incriminating the cells and the intracellular molecular events. Molecular imaging, more specifically molecular biology-based imaging will render appropriate mouse models to us so that we could use them to confirm the biological consequences of novel drug candidates [58] . In this case, novel drug candidates can be small molecules which are examined through the chemical library, peptides, either natural or non-natural, sequence based but manufactured by engineering methods, or monoclonal antibodies, murine to human, and also the nanoparticles on their own or with surface modification.
Fourth, the real problem resides in the ignorance that we do not have enough information about the whereabouts or biodistribution of novel drug candidates when they are injected systemically [59] . With these novel drug candidates, after a thorough test for the feasibility for use in in vivo and especially in humans, we need to check the pharmacokinetics and thus biodistribution. Here, radiotheranostics come in [60] . By labeling radionuclides to the novel therapeutic candidates, we are going to be able to follow the whereabouts of these novel drug candidates. In case of radiolabeled nanoparticles, physical or chemical core labeling was reported, but capsular labeling or surface modifications were considered more practical [61] [62] [63] [64] [65] [66] . Surface modifications could be done either by chemical or physical methods; however, the physical method using a micelle-encapsulation method tended to prevail as it removed cumbersome sequential steps of separation and reaction [61, 67] . In case of monoclonal antibodies, obviously the chelator linker-based methods are the solution [68, 69] . However, when labeling chemical compound drugs, chelator-based labeling itself affects the change in in vivo biodistribution and binding affinity. Thus, we need to confirm that the chelator-bound peptides of antibodies perform the same as native peptides/antibodies. If we use gamma-or positron-emitting radionuclides, we can figure out the tissue uptakes of radionuclides and the biodistribution of the drugs while estimating the concentration of drug candidates in specific regions of the brain [70, 71] . Biological effects can be visualized and imaged using in vivo molecular imaging methods repeatedly and at the last moment can be measured ex vivo using sacrificed animals [72] .
What we need is the definitive methods to confirm the novel drug candidates are working at which molecular level, within the cells either in the cytoplasm or even in the nucleus, at the specific region of the brain for a period of the time to take effect upon the behavior of the animals. For this purpose, model to model differences should be taken into account as was reported for AD model mice, where amyloid plaques were deposited in different areas of the brains in APP23, Tg2576, and PS1/APP mice [73] . The behaviors of the model mice should later be translated to those of humans such as thought, emotion, and (motor) behaviors. Obviously, we do not have suitable animal models for the neuropsychiatric or brain diseases, which makes the translation of the in vivo findings of animals to humans in clinical situations very difficult. What we have are the models for translation of the pharmacokinetics and pharmacodynamics of novel drug candidates from mice to humans. These models include physiologically based pharmacokinetic model and target-mediated drug disposition model as well as scale-based ones [74] [75] [76] [77] .
Finally, a more comprehensive understanding of intercellular communication between brain cells, including glial cells, neurons, and endothelial cells of BBB, complicates the development of novel brain therapeutics [78, 79] . The biological effects of monoclonal antibodies should be interpreted again considering the action of the exosomes which are secreted and taken up by neurons and their progenitors and glial cells. Peptide propagation model [80] and the role of exosomes especially from microglia [81] need to be the included in the schematic analysis of the efficacy of the novel drug candidates [82] . Exosomes have been considered to be the carrier to deliver the intra-exosomal materials such as nucleic acids or peptides and the perturbation of these processes might control the propagation of tau hopefully to mitigate the neurodegenerative disease process [83] . Kamerkar et al. reported that, compared to liposomes, exosomes exhibited superior ability as a drug delivery conveyor and showed better tumor growth suppression for pancreatic cancer therapy [84] . This study highlighted that the presence of CD47 expression on exosomes allows evasion from non-specific uptake by immune cells, resulting in increased circulation time in the bloodstream. Consequently these properties may be able to increase the efficacy of brain delivery. Microglia-derived extracellular vesicles, which is the generic term of exosomes or microvesicles irrespective of the sizes, were speculated to exert supportive or aggravating roles to the degenerating neurons in AD model mice [81] . Exosomes are obviously performing their physiologic roles in healthy states but once pathologic processes begin, they will be involved in the progress of the neurodegenerative processes and then the therapeutics to inhibit the transfer of intra-exosomal materials will ameliorate the disease pathology [85] . Or if exosomes play the role of inhibiting the propagation in neurodegenerative processes, enhancing the activity of microglia-derived exosomal propagation will be necessary as therapeutics [82] . These hopeful predictions seem mutually contradictory now and should be sorted out very soon.
In case of exosomes, the research opportunities are in in vitro condition, which means the production of microfluidic chips to test and predict the in vivo behavior of the exosomes, which might be developed themselves as novel therapeutics, carrying intra-exosomal biomolecules to the targets. In brain theranostics, the targets are brain cells of neurons, microglia, activated astrocytes, and oligodendrocytes. The differentiation of these targets is important for the exosomes as novel therapeutics as well as crossing BBB as novel drug candidates.
By taking examples, we will explain further the above schemes and their sub-schemes of doing brain theranostics and radiotheranostics for the items warranting more detailed explanations.
Delivery to the Brain of the Novel Drug Candidates
The problem of delivery to the brain lies in the combination of the insufficient knowledge about the structural and functional characteristics of BBB and the unscrupulous approach of applying novel drug candidates by just jumping to the conclusion that the novel candidates work at the behavioral level of mouse models [79, 86] . In addition to the paracellular pathway of water-soluble agents, transcellular pathways of lipid-soluble agents or transport proteins-mediated materials (such as glucose, amino acids, or nucleosides), transcellular receptor-mediated (insulin, transferrin) and adsorptive transcytosis pathways using lipid raft-mediated endocytosis or micropinocytosis (albumin, plasma proteins) are known [21, 22, 87] . Novel drug candidates should be tested for how much amounts are delivered to the brain after systemic injection in in vivo models, and then the mechanism should be understood in in vitro equipment of microfluidic devices using inhibitors of receptor-mediated pinocytosis (chlorpromazine), lipid raft-mediated endocytosis (flilipin III or nystatin) or macropinocytosis (cytochalasin D) [21] . Endogenous nanocarrier of exosomes or exogenous nanoparticles of inorganic or organic composition have been proposed, and thus, this mechanistic investigation came to be warranted [66] . The Transwell model was not sufficient for the understanding of BBB permeation and two-or three-channel microfluidic chip would serve to delineate the mechanism [88] [89] [90] [91] [92] . These chips are under active development and will soon be available (Fig. 1) .
Exosomes as Brain Theranostics Agents and Radiotheranostics
As exosomes are excreted by all the cells and are also taken up by all the cells in the body, we need to know the specificity of these intercellular interactions which are not yet clearly understood [93] . Thus, the investigation of using exosomes are divided into two approaches; one is to isolate exosomes from cell lines or primary cell cultures and then inject directly or systemically to the recipient model animals and explore the effects [94] [95] [96] , and the other is to deplete the source cells or to inhibit the synthesis of exosomes and to explore their consequences [82] . Investigators still do not know whether the administration of xeno-or allo-or autologous exosomes are different in their interaction with the recipient cells, though major histocompatibility complex (MHC) molecules are at the exosomal surface membranes, and confine their study in in vitro models with the cells of the same origin, or use the nude or severe combined immunodeficiency (SCID) mice as recipients to circumvent this ignorance [97] [98] [99] [100] . Specificity of the uptake of exosomes and their consequent biological effects on the recipient cells is to be elucidated soon. The biodistribution or pharmacokinetics of administered exosomes is monitored in tissues of the sacrificed animals using fluorescent dyes even at later times after administration [96, 101] . The problem is that despite stable labeling at the surface of the exosomal membranes lipophilic fluorescent dyes are released from the injected exosomes and recirculate in the body to confound the distribution of the intact exosomes [102] . In our previous study, the brain was suggested to reveal that the ex vivo fluorescent imaging studies are not appropriate because Tc-99m HMPAO-labeled exosomes do not demonstrate localization of labeled exosomes in the brain but DiI-labeled exosomes showed fluorescent activities very well (Fig. 2) [103] .
Tc-99m HMPAO act as lipophilic agents which cross the exosome membranes easily (almost transparently) and then within the exosomes they convert to hydrophilic forms which stay there as a fixed agent to the interior of these exosomes [104] . While we follow the radioactivity using SPECT, we can trace the whereabouts of intact exosomes. Radioactivity stayed with exosomes in vitro in plasma until 4 h after mixing. However, the in vivo radioactivity does reveal the location of Tc-99m HMPAO instead of exosomes, and we should be cautious that radioactivity automatically visualized the exosomal distribution. It is reassuring that Tc-99m is almost never released from HMPAO in vivo. As was expected, the Tc-99m radioactivity appeared in the intestines and this should be interpreted either that the labeled exosomes were disintegrated in the liver and intra-exosomal Tc-99m HMPAO was released and excreted via hepatobiliary pathways or that the labeled exosomes containing Tc-99 m HMPAO was excreted as an entity via hepatobiliary pathways. Though there is no definite evidence, we think that the first hypothesis has a higher possibility, as there has been no report that the endocytosed exosomes are passing through, in their intact form, to the other side of the cells. When the investigators were trying to use exosomes as delivery vehicles for brain theranostics, they hypothesize implicitly that this unlikely mechanism of transcytosis of exosomes are going to work and exosomes may carry their cargos to the target cells especially across BBB. Whether this is the case or not should be elucidated.
Another approach of inhibiting exosome production by depleting the source cells is promising, as this adopts the discipline of classic molecular biology. The best scenario was the selection of the most promising model to reveal the mechanism of intercellular interactions, which can be applied later to explain also the cell-to-cell interactions via exosomes. For example, the tau propagation model was used to unravel the role of microglia and their excreted exosomes [20, 82] . Among the dominance of the reports in the literature based on the hypotheses considering Fig. 1 Concept of a 3D BBB model on the microfluidic chip amyloid oligomer and hyperphosphorylated tau as pathologic causes in a cell-autonomous manner, or at most only between neurons, the rise of the importance of the cell-to-cell interactions between brain cells or the involvement of non-neuronal cells as possible players in AD was fresh and new. Thus, the report by Asai and colleagues that the depletion of microglia and the inhibition of exosome synthesis could halt tau propagation attracted much attention [82] . For AD, the dichotomous role of microglia-derived exosomes is hypothesized and the modulation of the microglia using classical small-molecule drugs are being investigated [81, 105] .
Graphene Quantum Dots as Brain Theranostics and Radiotheranostics
Nanoparticles had been proposed to be used as carriers carrying novel or established drugs as cargos [106] . Investigations had focused on the binding of the drug candidates physically or chemically to the cores or surfaces of nanoparticles. These nanoparticles have the capability of being taken up to the site of interest (mainly the tumors) and of releasing the drugs at the extracellular milieu or of being taken up again by the tumor cells to release the drugs intracellularly [107, 108] . If the cargo drugs are nucleic acids such as siRNAs or aptamers, efficient delivery system to the target is necessary to minimize the off-target effects [109] . For example, siRNAs are known to be cytostatic, and thus, though they once had been considered as the optimal and promising therapeutics exploiting their sequence-specific targeting capability, this characteristic rather hindered their further use as definitive therapeutics owing to the documented offtarget effects with larger administered doses [110, 111] . Among many nanoparticles, a few can be used for in vivo, for example, iron oxide nanoparticles [112, 113] , upconversion nanoparticles [114, 115] , and organic ones such as liposomes [116] and their endogenous counterparts, exosomes. Recently, the biomedical application of graphene, reduced graphene oxide (rGO), or graphene oxide (GO) has grown rapidly, due to their stability, large surface area, and biocompatibility [117, 118] . GO, if injected systemically to the animals, will be surrounded by corona proteins and meet innate immune cells [119] . Neutrophils will engulf or trap GO using neutrophil extracellular trap and metabolize GO into smaller ones using their myeloperoxidase [120] . GO can bind easily to nucleic acids, based on π-π interaction, and once their size are reduced to several nanometers, they do emit fluorescence by themselves and are called graphene quantum dots [121] .
Graphene oxide quantum dots (GQD) were suggested to be a good carrier, considering their low toxicity and high hydrophobicity [118, 122, 123] . Interestingly, GQD was working as novel drug candidates themselves in several reports, recently [12, 13, 124] . GQD was found to intercalate in the fibrillary proteins and disintegrate the fibrils into monomers [12] . With the clear evidence and reproducibility in the in vitro works, Kim et al. showed that intraperitoneal injection of GQD prohibited α-synuclein (α-syn) fibril propagation in the peptide propagation model of Parkinson's disease [12] . The in vivo permeability of the BBB was studied by using biotin-labeled GQD, and showed that GQDs distributed in the entire CNS region. However, it is notable that a relatively low concentration (0.7-1 nmol/ml) of GQD in the brain was enough to prohibit peptide fibril propagation, while the equal amount of PFFs and GQD were needed to show the effect of the fibril disintegration in the in vitro study. It could be due to the lack of α-syn clearance mechanisms in the in vitro system, while in the brain, α-syn monomers can be cleared by multiple pathways including the activation of central innate immunity. The same disparity was also discussed in the study regarding 4-(2-hydroxyethyl)-1-piperazinepropanesulphonic acid (EPPS), small molecule, which has been proven to disaggregate amyloid-β [125] .
Recent accumulating evidence suggests that central innate immunity, specifically disease-associated microglia (DAM), might have a protective role in the field of neurodegenerative disease [126, 127] . Altered systemic immune signals, due to systemic injection of macromolecules or nanoparticles, can affect microglia in steady state, consequently changing the disease course [128] . So, the research opportunities reside in the elucidation of the interaction of GOs with immune cells, mainly innate immune cells of the body and the metabolism of GOs (Fig. 3) . Innate immune cells take care of the GOs [119, 120] , and at the same time, they will be modulated by GOs [129] . The size of GOs, as well as their propensity for carboxyl and hydroxyl residues, was reported to be their major factor of interaction with innate immune cells such as macrophages or neutrophils [130, 131] . However, the impurity of lipopolysaccharides, endotoxins in GOs is another important factor to determine their interaction with the immune system [132, 133] . Graphenes, in contrast to GOs, will make a hydrophobic mass and will be surrounded by corona proteins and will be engulfed by mononuclear phagocytic system (MPS) of the body [118] . As is well known, MPS resides not only in the liver, spleen, and bone marrow but also in the brain as microglia and in the peritoneum too.
The intraperitoneal environment of small animals is very much influenced by the environment of the animals, whether they are in the aseptic milieu, or in a normal environment with usual microbiome. Also, intraperitoneal environments are with resident macrophages working as first-line defense against the invaders, and thus, the intraperitoneal injection of GQD in sufficient amount may change the characteristics of peritoneal macrophage and activate the innate immunity [12, 134] . This finding which heralded the novel utility of the unique drug, GQD, based on an entirely different composition, i.e., heterogeneous, from the classic drugs, which had been homogenous in composition, is expected to be reproduced in the follow-up studies. The mechanism of action of using GQDs as drugs themselves is soon to be scrutinized while paying more attention to their possible interaction with the immune system and the physiological responses of the body to the administered GQDs by thorough examination of their pharmacokinetics.
Radiolabeled GQDs are going to be a surrogate to enlighten the exact distribution after their intraperitoneal injection or even intravenous injection [135] . As is known, the corona proteins are going to wrap the intravenous GQD and will activate the immune system [136] , and while the peripheral immune activation or tolerance is going to influence the brain's immune system. Radiolabeled GQDs should represent the behavior of the unlabeled GQDs after their administration. Thus, the formulated problem to be solved in this issue is unconventional, since there are possibilities of the radiolabeled GQDs behaving more variously than the radiolabeled small molecules, which is quite familiar to the nuclear medicine investigators [137] [138] [139] . Cu-64, Ga-68, or I-125 were reported to be used as the label for GO or GQD [139] [140] [141] . GO and GQD should be tested using microfluidic chips which were made for testing permeability of BBB and double labeling of fluorescent dye and radionuclide are recommended. The effect of corona wrapping and the effect of neutrophils or myeloperoxidases can also be investigated and shall be compared with in vivo experiment results.
Determination of Disease Target for Brain Theranostics Using Transcriptomics and Epitranscriptomics
As the amyloid hypothesis or tau hypothesis for AD is in question, the development of novel drug candidates is in trouble [142, 143] . Investigators are seeking for the breakthrough, and as this endeavor cannot depend on the preset hypothesis, the investigation should lead to an exploratory research.
Fortunately, we have seen the growing interest and great progress in the field of omics in its technical and analytical arms. Technically, finally we have tools for single-cell transcriptomics for floating cells (C1 or 10X) with drop-seq technology [144] [145] [146] . Out of bulk transcriptomics, one can trace the location and their messenger RNAs (mRNAs) or long noncoding RNAs (lncRNAs) expressions, or using floating cell microfluidic technology, ignoring the location information, one can find the specific transcriptome per individual cells [147, 148] . Analytical methods using principal component analysis (PCA), multidimensional scaling (MDS), independent component analysis (ICA), t-distributed stochastic neighbor embedding (t-SNE) or topological data analysis (TDA) were introduced to summarize the transcriptomics information useful for cell clustering [149] [150] [151] . This is important that previously, the surface membrane proteins were mainly used for classifying the cells of interest, of which immune cells were classified using FACS (fluorescence-activated cell sorter) with already known clusters of differentiation (CD) markers. Now, we have full armamentarium for characterizing cells in the brain to classic cell types of neurons, astrocytes, microglia, and oligodendrocytes using transcriptomes and further to neurons of many subtypes, activated astrocytes (A1 cells), diverse subtypes of microglial cells including DAM, or monocyte-derived macrophages [126, 152, 153] . Temporal changes of radial cells, neural stem cells, and neural progenitor cells can also be characterized using transcriptome data [154] . RNA sequencing methods, a.k.a. RNA-seq, had shown exponential growth and diversification and almost replaced microarray analysis [155] . This is also the additional developments of omics technology having innovated genomic and epigenomic analysis.
Understanding of biological effects at the single-cell level, according to differential transcriptome expression, is needed to explain the human brain functional diversity [152] . This has been a conundrum for scientists as the same type of cells in other organs perform the same function, but in the brain, even the same neurotransmitter-emitting cells, such as glutamatergic or GABAergic neurons, and immune cells, such as microglia or astrocyte, perform different functions according to the location [152, 156, 157] . How these are done are not exactly understood but just assumed to be functioning as is. The mechanism is beyond our understanding until recently. This mechanism is now to be interpreted cautiously with the idea proposed by the investigators studying lncRNAs and epitranscriptomics based on single-cell RNA-seq studies [158] [159] [160] . Once brain targets, either on the cell surface membrane or intracellularly, are on hand, the method to reach these targets needs to be investigated.
Recent reports are saying that the expression of many lncRNAs is the characteristic of the brain, especially mammalian or human [161, 162] . According to the statistical analysis conducted as part of the GENCODE Project, while half of all the transcriptomes are mRNAs, thus number around 20,000 but the proteomes are 200,000, long non-coding RNA genes numbered 15,779 (version 28 released in 2017) [163, 164] . The difference between coding RNAs (mRNAs) and noncoding RNAs resided mostly in the brain as the amount of lncRNAs ranged around one thousandth, species nonconserved [163] [164] [165] . In addition, 6-N-methyl adenosine (m 6 A), which is the most abundant internal modifications in mRNAs and lncRNAs, has recently been recast in the scientific field [166] . Especially, m 6 A is known to have writer, reader, and eraser proteins and propensity of 3′-UTR (untranslated region) of the transcribed RNAs [167] .
Targets of brain theranostics are going to be yielded by thorough genomic and epigenomic analysis of the big data derived from single-cell RNA-seq as was reported in the kidney recently [57] and are going to lead to the development of drug candidates for brain theranostics (Fig. 4) . Once its sensitivity of detection limit improves and is adopted to spatial transcriptomics, it will open the huge possibility of determining the targets, either membrane or intracellular locations thereof [168] . This advance will call for the parallel development and advance of producing radiopharmaceutical tracers which are ambidextrous for both therapy and diagnostic imaging. Brain theranostics and radiotheranostics will be sure to depend on this progress and, at first, will be tried in the small animal models.
Data and Analysis Aspects of Brain Theranostics and Radiotheranostics
Here, we would add two points for the success of brain theranostics and radiotheranostics. One is the availability of public database available to the appropriate qualified investigators. Once one hypothesis-testing or another hypothesis-generating investigation is completed and published in prestigious journals, the data for this investigation will become available to the public. If we set up a hypothesis and are willing to invest our time and earnestness for good scientific purpose, we can depend on these public data as the start-up trial. GEO (Genomic Expression Omnibus) or GenotypeTissue Expression (GTEx) or Database of Genotypes and Phenotypes (dbGaP) are some of these databases. However, there are yet few transcriptome databases for brain studies. The Allen Institute has the largest database of brain transcriptomics [169, 170] .
Another point is that we now have new colleagues, who are very efficient and tireless, the artificial intelligence (AI) [171] [172] [173] . Among AI, machine learning had progressed and evolved to yield deep learning. The deep-learning algorithms are mostly available in public website (https://github.com), as an example is ADAGE (Analysis using Denoising AutoEncoders for Gene Expression) in https://github.com/ greenelab/adage. Once investigators develop their own data and analysis tools, they can download other investigators' data or other algorithms. The difference of AI deep-learning algorithm from human intelligence is that humans are very good at learning fast with scanty data on very early period of learning and at missing data imputation. Clinicians or humans are good generative entity, and on trial to mimic this human quality, deep learning recently introduced the variational autoencoder (VAE) networks [174] and generative adversarial network (GAN) [175] over conventional convolutional neural networks (CNN). Humans are also good at relational reasoning and deep learning is exploring the implementation of relational CNN or neural scene networks [176, 177] .
Comments about Animal Models for Brain Theranostics/ Radiotheranostics
In neurodegenerative mouse models such as 5XFAD, PS1/ APP, or APP23, the precipitation of amyloid plaques are diverse, and in another model of MAPT, the tau tangles develop variably between individuals and along the timeline [178, 179] . In spontaneously hypertensive rat (SHR), the development of attention deficit behavior was also varying between individual rats [180, 181] . We needed to introduce individual imaging in these mice and rats as well as behavior tests. This inter-strain or inter-individual difference should be understood in various aspects of the drug action such as %ID/g in brain tissue, pharmacokinetics/pharmacodynamics based on classic metabolomics, or circulation time in the blood and excretion which is called ADME (absorption, distribution, metabolism and excretion). However, brain radiotheranostics will sort out, from the beginning, having a role as a discriminating factor or parameter of the novel brain theranostics drug candidates, which might be aptamers, peptides, petidomimetics, nanoparticles, or the combination of any of these. The final goal is to intervene or influence the brain pathologic processes, and this can happen after novel drugs' crossing BBB or just influencing the peripheral bodily system such as innate immune cells.
Once in vivo physiology and immunology are understood well and thus we came to be versatile using this knowledge at our fingertips, we still need the testbed of our novel theranostics / radiotheranostics candidates for fast success. Though we are going to target the microglia or activated astrocyte A1 cells, the final object to be tamed and modulated is the neurons. The neuronal changes of genome, epigenome, and also transcriptome are to be modeled in transgenic mouse models.
Neurons are now known to produce mRNA and lncRNA and transport these materials to their dendrites, and there, they do modify the RNAs [182, 183] . This epitranscriptomics, the study of modified RNAs, are recently paid attention to by many investigators. The modified RNAs might be the final holy grail of the behavior production in animals or thought, emotion, and behavior generation in humans. This had been noted long before but the scientific community still does not have a breakthrough as molecular imaging for modified RNAs is yet beyond our reach so far.
Conclusion
Brain theranostics and radiotheranostics will open a new gateway to the nuclear medicine for the brain. Nuclear medicine for the brain will move on from its prior growth of implementing functional or abnormal protein (amyloid and tau) imaging to the therapy-incorporated disciplines. Acetazolamide brain perfusion SPECT for cerebrovascular Fig. 4 Determination of theranostics brain targets using transcriptomics and epitranscriptomics diseases and PET and ictal SPECT for finding epileptogenic zones for epilepsy surgery had been the theranostics (therapyguiding) nuclear medicine for brain. However, we have many more brain diseases waiting for contribution of nuclear medicine and this is now classified as neuropsychiatric diseases or neurodevelopmental diseases or the brain diseases without any abnormality in brain imaging including CT, MRI, PET, SPECT, and any other imaging modalities. Among these, nuclear medicine modalities can be the most likely discipline which can contribute to the introduction of the novel therapy to these diseases. In this manuscript, we explained why and how for this possibility by taking examples of exosome and graphene, and nevertheless, this description is neither the last nor the least. Futuristic CRIPR/Cas-based genomic editing might be introduced to treat the intractable brain diseases in any phase of the lifetime of the affected patients and then PET or SPECT might pinpoint the targets and this was not included in this perspective. The time will come to include this currently apparently imaginary discipline in brain theranostics and radiotheranostics soon.
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